Abstract. The 1896 Sanriku earthquake was one of the most devastating tsunami earthquakes, which generated an anomalously larger tsunami than expected from its seismic waves. Previous studies indicate that the earthquake occurred beneath the accretionary wedge near the trench axis. It was pointed out recently that sediments near a toe of an inner trench slope with a large horizontal movement due to the earthquake might have caused an additional uplift. In this paper, the effect of the additional uplift to tsunami generation of the 1896 Sanfiku tsunami earthquake is quantified. We estimate the slip of the earthquake by numerically computing tsunamis and comparing their waveforms with those recorded at three fide gauges. The estimated slip for the model without the additional uplift is 10.4 m, and those with the additional uplit• are 5.9-6.7 m. This indicates that the additional uplift of the sediments near the trench has a large effect on the tsunami generation.
Introduction
Most large, shallow earthquakes in subduction zones are tsunamigenic. Among them, unusual earthquakes that generate much larger tsunamis than expected from their seismic waves are called "tsunami earthquakes" [Kanamori, 1972] . The 1896 Sanriku tsunami earthquake that occurred along the Japan trench was one of the most anomalous earthquakes; the ground shaking was relatively weak, but the following tsunamis were devastating. Abe [1994] assigned the surface wave magnitude as Ms=7.2. The tsunami magnitude was determined as 8.6 from global data [Abe, 1979] and 8.2 from local data [Abe, 1981] . Recently, Tanioka and Satake [1996b] determined the fault parameters using the tsunami waveforms and estimated the moment magnitude as 8.0. The large discrepancy between Ms and Mt categorizes this event as a tsunami earthquake. Satake and Tanioka [1999] showed that most moment release of tsunami earthquakes,. including the 1896 Sanriku event, occurs in a narrow region near the trench. In this region, a large amount of unconsolidated or semiconsolidated sediments exist. The low angle thrust faulting near the trench on the decollement causes large horizontal movement perpendicular to the trench axis. Seno horizontal movement on the decollement might have caused a large additional uplift. The horizontal trench-ward displacement of the backstop leads to overall folding of the accretionary prism. In this paper, we try to answer a key question: whether or not such an additional uplif• near the trench causes a large tsunami? We compute the tsunami from the 1896 Sanriku event for ocean bottom deformation including elastic deformation due to faulting and the additional sediment uplift. Then, the effect of the additional uplif• on the tsunami generation is discussed.
Three Models for Additional Uplift
The mechanism of the additional uplift is represented by the horizontal movement of the backstop scraping the sediments in front of it [Seno, 2000] The elastic ocean bottom deformation due to the 1896 earthquake is computed from those fault parameters using the equations of Okada [1985] . The sum of this elastic deformation and the additional uplift caused by the above models (A, B, or C) is used as the ocean bottom deformation due to the earthquake.
Tsunami Computation
In order to compute tsunami propagation, initial water surface deformation must be estimated. In general, the water surface deformation due to faulting of a large earthquake is assumed to be the same as the ocean bottom deformation, because the wavelength of the ocean bottom deformation is much larger than the ocean depth. However, this assumption cannot be applied in this study, because the width of the additional deformation (Figure 2 ) is about 7 kin, which is similar to the ocean depth near the source region. Kajiura [1963] showed that the water surface deformation, rl(x,y), due to the ocean bottom deformation, HB ( 
Tsunami Waveforms and Estimated Slips
The observed tsunami waveforms at three tide gauges, Hanasaki, Ayukawa, and Choshi, are used for this analysis (Figure 4) . However, considering the poor accuracy of the tide gauge clocks in 1896 [Tanioka and $atake, 1996b], we use the waveforms without absolute timing. We compute the tsunami waveforms at the three tide gauges using three ocean bottom deformation models; one is the elastic deformation only, the The mechanism of tsunami earthquakes was first proposed by Kanamori [ 1972] who indicated that the large discrepancy between seismic and tsunami waves of tsunami earthquakes is caused by slow and long rupture processes. Palayo and Weins [1992] , using seismic wave analysis, similarly concluded that tsunami earthquakes are slow thrust events in the accretionary wedge. However, it has been noticed that slow slips alone are not enough to explain anomalous excitation of tsunamis associated with some events, such as the 1896 Sanriku and 1946 Aleutian earthquakes. Fukao [1979] and Okal [1988] then proposed that an earthquake source within a shallow sedimentary layer, might excite much larger tsunamis than in solid rock, and be responsible for such anomalous tsunamis. Satake and Tanioka [ 1999] , using tsunami waveform analysis, concluded that most moment release of tsunami earthquakes occurs in a narrow region near the trench and the concentrated slip is responsible for the large tsunamis. In this paper, we indicate that tsunami earthquakes are caused not only by a slow rupture process or a concentrated slip in the accretionary wedge, but also by an additional uplift of the sediments near the trench due to a large coseismic horizontal movement of the backstop. The horizontal trench-ward displacement of the backstop leads to overall folding of the accretionary prism.
